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Inflammaging in Skin and Other Tissues - The Roles of Complement 
System and Macrophage 
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Abstract: Inflammaging refers to a continuous, low-grade inflammation associated with aging. Such chronic 
inflammatory response could build up with time and gradually causes tissue damage. It is considered as one of the driving 
forces for many age-related diseases such as diabetes, atherosclerosis, age-related macular degeneration (AMD), and skin 
aging. There is mounting evidence that indicates aging is driven by the pro-inflammatory cytokines and substances 
produced by our body's innate immune system. The macrophage and complement system, two important components of 
innate immune system, have attracted more and more attention since they appear to be involved in the pathogenesis of 
several inflammaging-associated diseases, such as AMD and atherosclerosis. This paper will review what we know about 
these two innate immune systems in the pathogenesis of AMD, atherosclerosis and skin aging. 
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INTRODUCTION 

Chronic low-grade inflammation has been referred to as 
the "silent killer" since it induces a wide range of unforeseen 
internal tissue damage difficult to be diagnosed at early stage 
[1]. In the western world alone, at least 5-7% of the 
population is impacted by immune-mediated inflammatory 
diseases [2] and the prevalence of inflammatory conditions 
has steadily been on the rise [3]. 

The term "inflammaging" was coined more than a decade 
ago [4] and since then, numerous research studies provided 
convincing evidence to support this concept. Inflammaging 
is the low-grade, asymptomatic, chronic inflammation which 
occurs during physiological aging and is recognized as a 
pathogenic factor in the development of several age- 
associated diseases, such as atherosclerosis [5], diabetes [6], 
and Alzheimer's disease [7]. Studies reveal that innate 
immunity is a major player in the inflammaging process [6]. 
Mononuclear phagocytes such as macrophages play pivotal 
role in innate immunity and its mediated inflammation is 
implicated in several aging related diseases, such as 
atherosclerosis [8], cancers [9] and age-related macular 
degeneration (AMD) [10]. The complement system is an old 
innate immune component which is now recognized to be 
the central player in innate immunity. The complement 
system has long been linked to AMD [11]. Lately, its role in 
atherosclerosis is also becoming evident [12]. Recently, skin 
aging has also been associated with inflammation and innate 
immunity [13]. Although complement dysregulation is found 
in various skin diseases [14], its role in skin aging is not yet 
clear. This review will summarize the role of both 
macrophage and complement system in the pathogenesis of 
AMD and atherosclerosis and also the impact on skin aging 
including formation of solar lentigo (or age spots). 
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COMPLEMENT SYSTEM 

The complement system was first thought to play, as its 
name implies, a complementary role in the body immune 
system. However, recently it is recognized as a central player 
of the innate immune system [15]. It not only defends the 
host against pathogen infection, but also coordinates various 
events during inflammation and bridges innate and adaptive 
immune response [16]. 

There are three complement pathways: the classic 
pathway, the lectin pathway and the alternative pathway. All 
three pathways converge at the formation of the C3 
convertase which cleaves C3, and trigger a cascade of events 
leading to the formation of a membrane attack complex 
(MAC), which destroy pathogens or damaged "self cell by 
opsonisation and lytic destruction [16]. 

The classic pathway is activated by antibody binding to 
the pathogen; the lectin pathway is activated by 
polysaccharides on microbial surfaces; The alternative 
pathway is unique due to the fact that it is in a continuous 
low state of activation ('tickover') characterized by the 
spontaneous hydrolysis of C3 into C3a and C3b fragments. 
The alternative pathway therefore serves as a "surveillance 
mechanism", killing invading pathogens and clearing 
damaged "self cells when they first appear [16]. Due to 
these activities, the alternative pathway is most likely to be 
the key player in inflammageing. 

AGE-RELATED MACULAR DEGENERATION 
(AMD) 

Age-related macular degeneration is a medical condition 
affecting the human macula. It is the leading cause of 
blindness in people over 50 years of age [17]. The risk 
factors for AMD include obesity, smoking, light exposure, 
and fat in-take. AMD, like atherosclerosis, is associated with 
aging and inflammation [18]. 
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In aging retina, it is said that oxidized lipoproteins and 
free radicals trigger the para-inflammation. The para- 
inflammation in the aging retina is manifested in many ways. 
At the molecular level, upregulation of numerous genes 
associated with inflammation and immune response, such as 
inflammatory cytokines and chemokines, complement 
system components, and proinflammatory enzymes, were 
found using both microarray [19] and proteomic studies [20]. 
At the tissue level, microglial activation and subretinal 
migration are seen in the neuroretina; complement activation 
is seen in Bruch's membrane and RPE cells; increased 
thickness of choroid, increased number of CD45+CRIg+ 
macrophages, abnormal morphology of choroidal 
melanocytes, and fibrosis are seen in the choroidal tissue 
[19]. It appears that in AMD, many of these changes are 
exacerbated. 

A hallmark of early stage of AMD is the formation of 
drusen which are yellow or white extracellular deposits that 
build up between the retinal pigment epithelium (RPE) and 
Bruch's membrane, an extracellular matrix complex that 
separates the neural retina from the capillary network in the 
choroid [21, 22]. While a few small hard drusen can be 
found in most people over 40 years old, the large and 
numerous hard drusen are commonly found in AMD patients 
[22]. 

The composition of the drusen includes cell debris, lipid, 
lipoprotein and complement components, among others [21, 
23]. The lipid accumulation in Bruch's membrane is 
universally observed during retinal aging. However, there is 
a difference in composition of the lipids between the macular 
and peripheral region [24]. In macular Bruch's membrane, 
there is a significantly higher amount of esterified 
cholesterol than in peripheral Bruch's membrane [25]. This 
may explain why AMD affects the macula but not the 
periphery. It is now believed the lipid accumulated in 
Bruch's membrane come from RPE [26]. This is supported 
by finding that RPE grown in vitro deposits basal debris that 
react with complement. If this reflects the normal 
physiological process in vivo, it is likely that in AMD, the 
debris clearance process deteriorates over time and the 
complement system is over activated. 

Complement in AMD 

Abundant studies show that a large number of 
complement and its related proteins are molecular 
constituents of drusen [11, 23, 27, 28]. During the past 
decade, compelling evidence indicates that complement 
plays an essential role in the biogenesis of drusen and 
pathogenesis of AMD. This also leads to the recognition that 
AMD is a disease of inflammaging. 

Numerous genome wide association studies found strong 
correlation of AMD with sequence variants of genes 
encoding for molecules involved in the activities of the 
complement pathways, especially those of the alternative 
pathway [11]. They include complement factor H (CFH) 
[29], complement factor B [30], C3 [31] and C2 [32]. The 
common or rare polymorphisms in these genes can either 
increase or reduce the risk for AMD late in life. 

Whitcup et al. [33] pointed out that in general, protective 
variants result in less alternative pathway activity, whereas 
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risk variants result in more alternative pathway activity. For 
example, a CFH polymorphism, which resulted in an amino 
acid substitution of histidine for tyrosine (Y402H), is 
strongly associated with the risk of AMD [29, 34, 35]. CFH 
functions as a complement inhibitor which blocks alternative 
pathway in response to tissue injury. CFH itself shows 
increased expression in the retina during aging [36]. 
Complement components seem to increase during aging. The 
production of CFB increases with age accompanied by 
complement activation [37]. Increased C3 and C3d 
depositions have been shown in several retinal layers of aged 
mice [37]. Interestingly, systemic increases in complement 
activation have been observed in patients with AMD [38]. 
Therefore, it can be postulated that during aging, 
complement system gets activated and the upregulation of 
CFH is probably the body's attempt to tame the 
overactivated complement system. Moreover, complement 
dysregulation is likely an inflammatory driving force in 
AMD. 

It was once thought complement proteins are synthesized 
solely in the liver and released into circulation. It was 
recently shown that the complement system exists locally in 
the retina-choroid complex [39, 40]. In fact, qPCR studies 
indicate the cells in the human RPE-choroid complex 
express a complete set of transcripts of classic and 
alternative pathways [11]. More importantly, Chen et al. [37] 
have shown there is a constitutive low level of complement 
activation continually in process at the retinal/choroid 
interface and the level of the complement activation at this 
site increases with age. 

Another feature of aged RPE is accumulation of 
lipofuscin, the byproducts of photoreceptor outer segment 
turnover. Lipofuscin typically appears in RPE after age 40. It 
has been shown that one of main lipofuscin fluorophores, 
A2E, is able to induce activation of the complement system 
in vitro [41, 42], providing a link to AMD pathogenesis. 

Macrophages and Microglia 

Beside complement system, macrophage seems to play 
an important role in AMD pathogenesis. Much like the 
presence of macrophages at atherosclerosis sites, 
macrophages are found at the sites of RPE atrophy, 
breakdown of Bruch's membrane, and choroidal 
neovascularization [43, 44]. With the lifelong accumulation 
of cell damage and oxidative stress, macrophages may be 
overburdened, much like the overload of lipids in foam cells 
in atherosclerosis. In addition, the macrophage itself is 
undergoing aging and loses the phagocytosis capacity, which 
is evidenced by less MHC class II expression [45]. On the 
other hand, increased number of macrophages in choroid 
expresses complement receptor CRIg [19], which is involved 
complement-mediated phagocytosis [46]. This may reflect 
the increased apoptotic cells in aged retina and the cell's 
attempt to clear them with the complement system. Cao et al. 
[47] also show that with aging, there is a shift of Ml 
macrophage to M2 macrophage. However, in AMD patient, 
there is a reverse shift of macrophages to a younger 
phenotype. Macrophage with Ml phenotypes are able to 
engulf and digest damaged cells. They produce pro- 
inflammatory factors and generate reactive oxygen species 



Inflammaging in Skin and Other Tissues 

(ROS), which is also similar to foam cells in atherosclerosis 
(see the atherosclerosis section below). 

Microglia are residential macrophages of the central 
nervous system that function to maintain homeostasis of the 
tissue with nervous system components. During aging, there 
is an accumulation of microglia at subretinal region [19]. 
The accumulation of microglia has been suggested to be a 
result of accumulation of lipofuscin constituent A2E within 
microglia. Lipofuscin is capable of reduce microglial 
migratory capabilities, increased deposition of CFB, and 
reduce expression of CFH [48]. As with aged macrophages 
in retina, the microglia show diminished function upon 
aging, evidenced by reduced size of dendritic arbors, slow to 
migrate to site of tissue stress and slow to leave the site 
afterwards [19]. Therefore, the accumulation of microglia 
can be the result of dysfunctional microglia overburdened 
with lifelong accumulation of debris in the aged eye. 

Based on above findings, we would like to propose a 
hypothesis on how complement and macrophages drive 
AMD. The alternative pathway of complement system is 
activated by either modified lipids, LDL or damaged cells, 
along with the activation of macrophages and resident 
microglia. Inflammation is triggered. If the complement 
activation is not tamed, either due to the mutation of the 
complement inhibitors, such as CFH, or the overwhelming 
high LDL due to high fat diet, the parainflammation will 
become more severe chronic inflammation and disease 
ensues. In addition, with the lifelong accumulation of the cell 
damage and oxidative stress, complement system maybe 
overactivated and macrophage/microglia may be 
overburdened, much like the overload of lipids in foam cells 
in atherosclerosis. These will cause further damage to the 
retina. 

ATHEROSCLEROSIS 

Atherosclerosis is now known to be caused by chronic 
inflammation [49]. It starts with lipid infiltrating the artery 
wall of the blood vessel. Lipids retained in the vessel wall 
(intima) undergo oxidative modifications and become 
oxidized LDL. The modified LDL particles induce 
expression of the leukocyte adhesion molecules VCAM-1 
and ICAM-1, which help monocyte enter the vessel wall. 
The monocytes will differentiate into macrophages and take 
up the oxidized lipids. Lipid-filled macrophages are called 
foam cells, which is the hallmark of atherosclerosis. The 
dysregulated lipid metabolism in the foam cells alters 
macrophage phenotype and makes them dysfunctional. They 
release ROS and a variety of pro-inflammatory cytokines 
and chemokines, therefore enhancing the local inflammatory 
response within the arterial wall and hence the chronic 
inflammation. 

Recent evidence suggests the complement system, like in 
AMD, plays a crucial role in the pathogenesis of 
atherosclerosis. As with AMD, increased C3 deposition is 
found in the intima of human atherosclerotic lesions as 
compared to normal vessel intima [50]. In addition, the C5b- 
9 is found in the atherosclerotic plaque from the earliest to 
advanced lesions [51], indicating full complement activation 
exists in the lesion and suggesting an active contribution of 
complement to intravascular inflammation and 
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atherosclerosis. The finding that increased expression of 
complement mRNA in atherosclerotic plaque compared with 
normal tissue [52] indicates there is localized complement 
synthesis, like in the aging retina. 

Complement polymorphism is also found to be 
associated with atherosclerosis. Hoke et al. [53] found that 
C5 polymorphism rsl7611 GG genotype is a risk factor for 
adverse cardiovascular outcome with atherosclerosis. 
Boiocchi et al. [54] demonstrated that complement receptor I 
(CR1) gene polymorphisms may be involved in the 
predisposition to the development of the disease. More 
interestingly, the same CFH Y402H polymorphism that is 
associated with the risk of AMD, is found to be associated 
with increased incidence of atherosclerosis in hypertensive 
white individuals [55]. 

Complement's influences on processes involved in the 
development and progression of atherosclerosis are also 
evidenced by numerous in vitro studies. For example, 
endothelial cells can be induced by C5a and C5b-9 to release 
cellular adhesion molecules including P-selectin, E-selectin, 
ICAM-1, VCAM-1, all of which contribute to endothelial 
cell activation and promotion of leukocyte infiltration into 
the vessel wall [56]. 

So what causes the activation of the complement system 
in atherosclerosis? It has long been known that alternative 
complement pathway can be activated by lipids components 
isolated from atherosclerosis lesion [57]. Seifert et al. [57] 
isolated C5b-9 complement complex from early adult human 
atherosclerotic lesion along with a lipoprotein derivative that 
had complement-activating properties. Subsequent analyses 
of this lipoprotein derivative showed it to be enzymatically 
modified LDL (eLDL) with potent complement activating 
capacity [58]. This is further supported by the 
immunohistochemistry study showing co-localization of 
eLDL and terminal complement complex in the early 
atherosclerosis lesion [51]. These studies indicate that 
complement system plays a role in the earliest stages of 
atherogenesis. 

Based on the above findings, a new hypothesis with 
regard to the atherogenesis was formed recently [59]. 
According to this hypothesis, the insudation of LDL into the 
vessel wall is efficiently removed either by HDL-dependent 
reverse transport pathway or by macrophages. However, 
under hypercholesterolemic conditions, these two removal 
systems are overburdened, resulting in excessive tissue- 
stranded LDL with subsequent enzymatic modification. This 
triggers the complement system and different subsets of 
monocyte-derived macrophages. However, we want to point 
out that this hypothesis does not take into account aging, 
which is one of the main factor that is closely associated 
with atherosclerosis. It is known that during aging, oxidative 
stress accumulates and more damaged cells with peroxidized 
phospholipids occur. This leads to the formation of 
oxidation-specific epitopes or OSE, which are present on 
oxidized LDL, apoptotic cells, cell debris and modified 
proteins in the vessel wall [60]. In fact, the OSE can be 
recognized by innate immune system including macrophages 
and complement factors, leading to cytokine, chemokine, 
and adhesion molecule synthesis [61]. This is likely how 
aging plays a role in atherogenesis. 
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INFLAMMAGING IN SKIN 

With skin, there is intrinsic (or chronological) aging and 
extrinsic UV-induced aging (or photoaging). Intrinsic aging 
is accompanied by cell loss, thinning of epidermis, flattening 
of DEJ (dermal-epidermal junction) and fine lines of 
wrinkles. Photoaged skin is coarsely wrinkled and associated 
with dyspigmentation [62, 63]. Inflammation and 
accumulation of ROS are now believed to be the causative 
factors in both types of skin aging [64, 65]. Several global 
gene expression profiling studies all linked immune system 
and inflammation genes with photoaging, regardless of 
ethnic type [66-68]. 

UV-induced photoaging can be viewed as premature skin 
aging. UV induces an array of events that can lead to 
inflammation: 1) UV radiation can induce the epidermal 
keratinocytes to release inflammatory cytokines such as 
interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-a) 
[69], 2) UV can induce ROS generation and is known to 
reduce cellular anti-oxidant mechanism [70], 3) UV can 
induce mast cells to generate prostaglandins and other 
inflammatory mediators such as histamine and leucotrines 
[71], 4) skin cell death [72], and 5) peroxidation of the 
membrane lipids [73]. 

Acute UV exposure results in the infiltration of the 
neutrophils within the epidermis and dermis [74]. The 
activation of neutrophils is used for clearance of UV-induced 
apoptotic cells, and to kill skin cells with oxidized surface 
lipids. It has been suggested that the enzymes they release, 
including neutrophil elastase, matrix metalloproteinase-1 
(MMP-1) and matrix metalloproteinase-9 (MMP-9) contri- 
bute to the process of photoaging [74]. It is likely mono- 
cytes/macrophages actually play more important role in this 
process because they dominate the infiltrates after a few 
hours to clear up apoptotic cells and oxidized lipids [75]. 

There are two sources of macrophages; one from the 
blood stream (through recruitment) and expansion of the pre- 
existing monocyte precursors in the dermis [76]. 
Macrophages express various matrix metalloproteinases 
[77], which can help them migrate within the skin by 
degrading ECM. Macrophages also generate ROS [78], 
which can induce the transcription of matrix metalloprotei- 
nase (MMP) in dermal fibroblasts [70]. Repeated UV 
damage to the skin results in repeated cycles of macrophage 
infiltration after each exposure. The repeated macrophage 



infiltration will cause repeated damage to the ECM of the 
dermis due to MMP and ROS release. This is dampened in 
aged skin, where both the number and function of fibroblasts 
decrease and therefore, can-not efficiently repair or 
regenerate ECM. This is evident in histological studies, 
which show chronically sun-exposed skin contain more 
infiltrating mononuclear cells [79] and abnormal elastic 
fibers in the dermis than sun-protected skin [80]. The known 
key inflammatory mediators during skin inflammaging are 
summarized in Table 1. 

Complement in Skin 

Complement is known to be expressed in a variety of 
skin cells, such as mast cells [93], macrophages [94], 
keratinocytes [95] and fibroblasts [96]. This suggests skin 
has its own complement synthesis system, like retina and 
vessel wall (see above). UV induces complement synthesis 
in skin [90, 97]. Epidermal keratinocytes express and 
produce C3, CFB and UV irradiation induced C3 production 
in keratinocytes possibly through alternative pathway [97]. It 
is possible that UV-induce oxPL (oxidized phospholipid) can 
be recognized by also UV-induced complement, leading to 
inflammation, as in atherosclerosis. As mentioned above, the 
complement pathway can be activated by oxidation-specific 
epitopes or damaged cells, which are known to be generated 
by UV. Indeed, the activation of complement C3 into iC3b 
ligates the monocytes' beta2-integrin receptors, leading to 
the differentiation of CDllb+ monocytic cells into activated 
macrophages with induced MMPs and ROS-generating 
activity [89]. Complement iC3b is found to be deposited 
onto DEJ region after UV exposure, and macrophages are 
observed to be in physical opposition with the fine granular 
deposits of C3 along the DEJ. The macrophages infiltrated 
into epidermis region after UV exposure are found next to 
damaged keratinotyes which are C3 positive [90]. Therefore, 
the complement-damaged cell complex formation seems to 
serve as a signal to activate and recruit macrophages. In 
addition, the activated macrophage can produce ROS and 
exacerbate the oxidative damage. 

It is tempting to postulate a similar scenario like the 
events that occur in the pathogenesis of atherosclerosis and 
AMD, which is described as follows. UV exposure induces 
oxidative stress, leading to accumulation of the damaged cell 
and OSEs. They are recognized by complement system, 
which will trigger inflammation, leading to the macrophage 



Table 1. Known Key Inflammatory Factors and their Role in Skin Aging 



(Pro-) Inflammatory Factors 


Pathway and Potential Skin Damage 


References 


Reactive oxygen species (ROS) 


Cause skin cell damage; generate oxidized lipids; induce MMP expression in dermal fibroblast 


[62,78,81,82] 


TNF-a, IL-1 ("Primary" pro- 
inflammatory cytokines) 


Initiate inflammatory responses in skin; induce the synthesis and release of other pro- 
inflammatory cytokines 


[69, 83- 86] 


IL-6, IL-8 etc. (Other pro- 
inflammatory cytokines) 


Recruit neutrophils and macrophages; activate dermal fibroblasts to secret MMPs 


[81,87] 


Neutrophils 


Release elastase and MMPs that cause ECM degradation 


[74,81,88] 


Matrix metalloproteinases (MMPs) 


Cause ECM degradation, thus cause damage to dermis connective tissue and skin aging 


[80,81] 


Complement system 


Activate macrophage; induced by UV and deposits on dermal-epidermal junction 


[89, 90] 


Macrophages 


Infiltrate skin after UV-exposure; generate ROS and MMPs that cause ECM degradation 


[89,91,92] 
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infiltration. Macrophages release MMPs, which can degrade 
extracellular matrix (ECM). With repeated UV insult and 
build-up of wastes, the complement system is over-activated 
and macrophages are overburdened with oxidized lipids with 
its function compromised. Overactive complement system 
can cause the damage of DEJ, where they deposit. Much like 
the case in AMD and atherosclerosis, overburdened 
macrophages release ROS and pro-inflammatory cytokines 
and cause further damage to the skin dermis. In addition, 
aged macrophage may lose their migration ability. This may 
lead to the retention of the macrophages at the dermis and 
therefore exacerbate the damage. Schematic description is 
shown in Fig. (1). It would be important to determine if an 
increased number of pro-inflammatory macrophages are 
present in photo-aged skin. It will be also interesting to see if 
activation of alternative complement pathway or 
polymorphism of complement components occurs during 
skin aging. 



Age Spot 

Another type of skin disorder associated with UV is 
senile lentigo or age spot [98]. Age spots are 
hyperpigmented macules with irregular shape on the skin. 
They are associated with exposure of UV since they mostly 
occur on UV-exposed areas such as forearm, back of the 
hand and face. They are also associated with age since they 
only occur after age of 40 [99]. Histological studies show 
that, compared to peri-lesion area, they show 
hyperpigmented basal layer, increased amount of 
melanocytes and melanosomal protein, elongated rete ridges 
with increased melanin at the tips, altered keratinocyte 
differentiation and increased inflammatory response [100]. 
In the dermis, increased melanophages is observed. This 
suggests damaged melanocytes probably also due to life- 
long oxidative stress. This also suggests that macrophages 
play an important role in age-spot formation. It has been 
shown lately that macrophages are necessary for UV-induced 
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Fig. (1). Complement and macrophage in UV-induced skin inilammaging. UV exposure induces oxidative stress, leading to 
accumulation of the damaged cell and oxidized lipids. They are recognized by complement system, which will trigger inflammation, leading 
to the macrophage infiltration. Macrophage release MMPs, which can degrade extracellular matrix (ECM). With the repeated UV insult and 
the build-up of these wastes, the complement system is over-activated and macrophages are overburdened with oxidized lipids with its 
function compromised. Over-active complement can cause the damage of DEJ, where they deposit. Overburdened macrophages release ROS 
and pro-inflammatory cytokines and cause chronic inflammation and further damage to the skin dermis. 
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melanocyte proliferation in the basal layer of epidermis [92], 
confirming that the innate immune system can affect 
melanocyte function. 

Aoki et al. [101] conducted a gene profiling study and 
found that in addition to melanocyte-related genes, genes 
related to inflammation and fatty acid metabolism are also 
induced. They also found fewer cycling epidermal cells in 
the lesional skin of solar lentigo. This is consistent with the 
finding that inflammation can deplete epidermal stem cells 
[102]. Since age spot is an inflammation and age-related 
disease, the complement system is very likely to play a role 
in its pathogenesis. This can be supported by the observation 
that the DEJ in lesional skin is severely abnormal [100] and 
complement deposits onto DEJ after UV exposure [90]. 
Therefore, an over-activated complement system is likely to 
cause damage to DEJ. The composition of the age spot needs 
to be examined to determine whether complement and 
lipoproteins are the constituent of the age spot. 

CONCLUSION 

Age-associated low grade inflammation (inflammaging) 
is now recognized to be the driving force of many age- 
associated diseases. The research of the past decade has 
greatly improved our understanding on its mechanism. While 
the studies of complement and macrophage with regard to 
their role in AMD and atherosclerosis are abundant, the 
studies on the roles they play in skin aging and aging-related 
skin disease such as solar lentigo are much fewer. Both 
clinicians and researchers studying skin inflammaging 
should consider to pay more attention to these two important 
players. The learnings from research on AMD, 
atherosclerosis and other diseases can help us advance our 
understandings of inflammaging in skin. On the other hand, 
we also need to recognize the fundamental differences 
between skin and other tissues of the body since skin is a 
unique and dynamic organ, with highly active immune 
capability and constantly being challenged by UV and 
oxidative stress. Understanding the mechanism as to how 
complement and macrophage drive the skin aging and aging- 
related skin diseases will help provide new paths for 
dermatologist and researchers to develop better therapeutics 
for these conditions. 
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